Abstract: Modulation instabilities (Mis) of asymmetric continuous-wave states in birefringent two-core fibers with normal dispersion are analyzed. The properly scaled MI spectra are distinctly different from those of a zero-birefringence fiber, especially for the circular-birefringence case.
Introduction
Many nonlinear systems exhibit modulation instability (MI), when weak perturbations imposed on the continuous waves (CWs) grow exponentially as a result of the interplay between dispersive and nonlinear effects. In the context of optical fibers, MI exists in the anomalous dispersion regime and manifests itself as the breakup of CWs into a train of short pluses [1] . With additional physics, MI also occurs in the normal dispersion regime, e.g. by the cross phase modulation effects [2] , in the presence of even higher-order dispersion [3] , and loss dispersion [4] . In this paper, we focus on MI in birefringent two-core fibers (TCFs).
In a TCF, power may transfer periodically between the two cores, a phenomenon employed in the design of many optical devices [5] . Various aspects of MI in TCFs have been studied [6] [7] [8] . However, previous studies focused exclusively on the zero-birefringence case. The goal of our study is to explore the birefringence-induced effects on MI, such as cross-phase modulation (XPM), polarization-mode dispersion (PMD), and polarization dependent coupling (PDC). The asymmetric CW states are considered, which exist above a threshold value that depends on the XPM coefficient. Here, instead of general asymmetric CW states which are not tractable analytically, we consider a class of special asymmetric CW states that permits analytical solutions. In the anomalous dispersion regime, the MI spectra, if scaled by the threshold power, are almost identical to those of the zero-birefringence TCF. However, in the normal dispersion regime, the MI spectra can be distinctly different from their zero-birefringence counterpart, and the contrast is particularly significant for the circular-birefringence TCF, which takes on a larger XPM coefficient. PMD and PDC only exert very weak effects on the MI spectrum.
2.
Coupled-mode equations and the asymmetric CW state
The propagation of slowly varying electronic-field envelopes in a high-birefringence TCF is described by four coupled nonlinear SchrOdinger (NLS) equations as
Here a m) (m = 1, 2 and j = x, y) are the amplitudes of the j polarization in the m-th core, fJ IJ is the group delay of the respective polarization, a = 2/3 (a = 2) is the relative XPM coefficient for the linear-birefringence (circular-birefringence) TCF, C; is the linear coupling coefficient in the j polarization, and C'; = dC/dO), represents the intermodal dispersion or coupling coefficient dispersion [9, 10] in the j polarization. In practice, we can set GVD coefficient Ihx = /32 y == /32, nonlinear coefficient Yx = y y == y, and coupling coefficient dispersion C'x = C' y == C" With () = 0, Eq. (1) reduces to two identical sets of equations for a zero-birefringence TCF [6] [7] [8] .
One particular set of asymmetric CW solutions, which can be obtained analytically 
Perturbations with K and Q being the wave nwnber and the frequency are imposed. The dispersion relation K(Q) = 0 is computed by a standard linear stability analysis. The MI gain is defined as g(Q) = 1 Im(K) I. Eq. (4) suggests the existence of a threshold power for MI to be observed.
Results
Eq.
(1) with (J = 0 corresponds to two decoupled, zero-birefringence TCFs, where MI has been systematically studied recently by incorporating the effects of CCD. It is worthy to mention that CCD can drastically modify the MI spectra in both anomalous and normal dispersion regimes [8] .
Our study shows that, in the anomalous dispersion regime, the MI spectra of birefringent TCFs, if scaled by the threshold power, are almost identical to those of the zero-birefringence TCF. However, in the normal dispersion regime, the power-scaled MI spectra can be distinctly different from their zero-birefringence counterpart, especially for the circular-birefringence TCF, as shown in Fig. 1 , which takes on a larger XPM coefficient than the linear birefringence case. The effects of PMD and PDC on the MI spectra are found to be quite weak.
The MI analysis can also be verified by performing direct numerical simulations for Eq .(1). Fig. 2 shows the wave propagation dynamics in the circular-birefringence TCF at a scaled power of 2.5. As shown in Fig. 2 , the dominant modulation frequency is 25.1 THz at z = 5Lc (Le = rel2C is the coupling length of the TCF), in agreement with the result 27.4 THz from the MI analysis. Pix -P l y =0, CI = 0, Pm1n( (j= 2) = 44. 4 kW, and PI Pmin( (j= 2) = 2.5.
Summary
The effects of birefringence on the MI of asymmetric CW states in two-core fibers are studied. With the power scaled to the corresponding threshold value, the MI spectra in the anomalous dispersion regime are almost identical to those of the zero-birefringence TCF. However, in the normal dispersion regime, the MI spectra, even with power scaling, are distinctly different from their zero-birefringence counterpart, and the difference is particularly significant for the circular-birefringence TCF.
